Uniparental disomy (UPD), in which an individual contains a pair of homologous chromosomes originating from only one parent, is a frequent phenomenon that is linked to congenital disorders and various cancers 1,2 . UPD is thought to result mostly from pre-or post-zygotic chromosome missegregation 2 . However, the factors that drive UPD remain unknown. Here we use the fission yeast Schizosaccharomyces pombe as a model to investigate UPD, and show that defects in the RNA interference (RNAi) machinery or in the YTH domain-containing RNA elimination factor Mmi1 cause high levels of UPD in vegetative diploid cells. This phenomenon is not due to defects in heterochromatin assembly at centromeres. Notably, in cells lacking RNAi components or Mmi1, UPD is associated with the untimely expression of gametogenic genes. Deletion of the upregulated gene encoding the meiotic cohesin Rec8 or the cyclin Crs1 suppresses UPD in both RNAi and mmi1 mutants. Moreover, overexpression of Rec8 is sufficient to trigger UPD in wild-type cells. Rec8 expressed in vegetative cells localizes to chromosomal arms and to the centromere core, where it is required for localization of the cohesin subunit Psc3. The centromeric localization of Rec8 and Psc3 promotes UPD by uniquely affecting chromosome segregation, causing a reductional segregation of one homologue. Together, these findings establish the untimely vegetative expression of gametogenic genes as a causative factor of UPD, and provide a solid foundation for understanding this phenomenon, which is linked to diverse human diseases.
lacking RNAi components Dicer (dcr1), Argonaute (ago1) or the RNAdirected RNA polymerase (rdp1) as compared to wild type (Fig. 1c ). To confirm LOH further, we sporulated diploids and performed tetrad analysis and random spore analysis (Fig. 1d , bottom; Extended Data Fig. 1a, b ). We also used live-cell imaging to monitor the lys1 locus, which was tagged with lacO arrays labelled with green fluorescent protein (GFP)-tagged LacI (Fig. 1d, top) . Diploids lacking RNAi machinery frequently yielded asymmetric 4:0 or 0:4 segregation of genetic markers instead of the expected 2:2 segregation ( Fig. 1d ; Extended Data Fig. 1b ), which is indicative of LOH occurring during the growth of diploid cells. Together, these results show a high incidence of LOH in RNAi mutant diploids.
We wondered whether the LOH phenotype resulted from UPD, in which an entire chromosome becomes homozygous, presumably owing to missegregation. To test this, we developed a quantitative assay based on visual scoring of colony colour and monitoring of genetic markers ( Fig. 1e and Extended Data Fig. 1c ). This assay revealed UPD events in dcr1∆ since markers on both arms of chromosome III (ChrIII) were homozygosed ( Fig. 1e ). Our quantitative analysis confirmed significantly higher UPD frequencies in dcr1∆ than in wild type ( Fig. 1f ). Moreover, we found that UPD can occur with either of the homologues, which we further confirmed by tetrad analysis (Extended Data Fig. 2a, b ). The ability of diploids to undergo meiosis and sporulation was not crucial for UPD, because non-sporulating dcr1∆ diploids obtained by either mating or protoplast fusion displayed higher frequencies of UPD than their wild-type counterpart (Extended Data Fig. 2c, d) . These analyses show that defects in RNAi result in high levels of UPD.
Since RNAi is required for centromeric heterochromatin assembly, we wondered whether UPD is caused by defects in heterochromatin-dependent loading of cohesin at pericentromeric regions 5,6, 8 . The loss of heterochromatin assembly factor Clr4 abolishes cohesin localization at centromeres 9 (Extended Data Fig. 3a, b) , but caused only a minor increase in LOH and UPD as compared to RNAi mutants (Fig. 1c, f) . By contrast, dcr1∆ showed only a partial defect in cohesin localization at centromeres, but exhibited high levels of UPD ( Fig. 1f and Extended Data Fig. 3a, b ). Cells lacking Dcr1 showed no major changes in cohesin localization at other heterochromatic loci including telomeres (Extended Data Fig. 3c ), and cohesin distribution on chromosomal arms was comparable between dcr1∆ and wild type (Extended Data Fig. 3d ). These results indicate that additional factors other than defects in heterochromatin-dependent cohesin loading at centromeres must be responsible for the UPD in RNAi mutants.
Independently of heterochromatin assembly, RNAi silences meiotic genes during vegetative growth 10, 11 . The untimely expression of gametogenic genes, which has been found to occur in tumours in humans 12, 13 and to induce tumorigenesis in Drosophila 14 , might be linked to aneuploidy observed in cancer cells. However, the link between chromosome segregation defects and misregulation of gametogenic genes, including meiotic genes, has not been directly tested.
To explore this scenario, we performed RNA-sequencing (RNA-seq) analysis of RNAi mutants. Interestingly, among the loci upregulated in dcr1∆ and ago1∆, we found a preferential enrichment of meiotic genes ( Fig. 2a ), supporting the possibility that meiotic gene misregulation may underlie the UPD observed in RNAi mutants.
To explore this potential connection, we first tested whether well-characterized mutants known to exhibit untimely expression of meiotic genes during vegetative growth also display UPD. The YTH family protein Mmi1 promotes degradation of meiotic gene transcripts by RNAi and the nuclear exosome 10, 11, [15] [16] [17] [18] . Comparing the expression profiles of cells lacking RNAi components or Mmi1 revealed that most meiotic genes that were upregulated in ago1∆ or dcr1∆ RNAi mutants (85 out of 152) were also upregulated in mmi1∆ (Fig. 2b ). We then asked whether loss of Mmi1 induces UPD, in a manner similar to RNAi mutants. Notably, we detected significantly higher UPD in mmi1∆ and mmi1-ts mutants than in wild-type diploids ( Fig. 2c-f ). These results reveal that mmi1 mutant cells, which show the untimely expression of gametogenic genes, phenocopy the high levels of UPD in RNAi mutants.
We next sought to identify factors responsible for UPD in mmi1∆ and RNAi mutants. Unlike RNAi mutants, cells lacking Mmi1 are not defective in centromeric heterochromatin assembly, but still show a high frequency of UPD and chromosome segregation defects such as minichromosome loss and sensitivity to spindle-poison drug thiabendazole (TBZ) ( Fig. 3a and Extended Data Fig. 4 ). Therefore, we used mmi1∆ to test specifically the role of candidate factors in UPD without the caveats associated with defects in heterochromatin assembly at centromeres. We assembled a group of 27 candidate factors consisting of gametogenic genes, most of which are required for proper meiotic chromosome segregation and are upregulated in both mmi1∆ and RNAi mutants ( Supplementary Table 1 ). Deletions of candidate genes were combined with mmi1∆ to assess the effect on chromosome segregation. Among all of the tested candidate genes, only the deletion of rec8, which encodes meiotic cohesin 19 , or crs1, a meiosis-specific cyclin gene 20 , suppressed TBZ sensitivity and resulted in stable propagation of a minichromosome in mmi1∆ (Fig. 3b ). Loss of either of these factors also suppressed UPD in mmi1∆ (Fig. 3c ). Furthermore, rec8∆, and crs1∆ albeit to a lesser extent, suppressed UPD in dcr1∆ ( Fig. 3d ). Together, these results suggest that Rec8 and Crs1 contribute to UPD in both mmi1∆ and RNAi mutants.
To establish whether upregulation of rec8 resulted in increased protein expression, we determined Rec8 protein levels in mmi1∆ and RNAi mutant cells. As expected, Rec8 was barely detectable in wild type ( Fig. 3e, f) . However, the loss of Mmi1 or RNAi factors (Ago1 or Dcr1) caused a major increase in Rec8 levels as compared to wild type ( Fig. 3e, f) . Therefore, derepression of rec8 in mmi1∆ and RNAi mutants correlates with the increased level of UPD that we observed. showing markers used to assay LOH. Diploids maintained by selecting for ade6-210 and ade6-216 on ChrIII (that is, ade + phenotype resulting from interallelic complementation) were assayed for homozygosis of the lys1 locus on ChrI. c, LOH quantification. Each filled red circle represents the LOH frequency, calculated using the indicated formula, of an independent starting heterozygous diploid. NAT S , nourseothricin-sensitive. d, LOH confirmation by live-cell imaging and tetrad analysis. Top, distribution of lys1 decorated with lacO-GFP arrays in four spores of an ascus formed by either the heterozygous dcr1∆ diploid (AB, carrying ChrI alleles from both parents) or its homozygosed progeny (AA, carrying ChrI alleles only from parent A). Bottom, tetrad dissection of a ChrI homozygosed (AA) dcr1Δ diploid. Note the asymmetric (4:0/0:4) segregation of genetic markers mapping to ChrI, in contrast to the (2:2) segregations of ChrII and ChrIII. Ade, adenine. e, Schematic showing markers used to assay UPD. Diploids maintained by selecting for lys1 + and NAT-resistance (NAT R ) markers on ChrI were scored for ChrIII UPD. Note homozygosis of markers on both arms of ChrIII for AA and BB. G418 R , resistant to G418 (also known as geneticin); Hyg, hygromycin; N/S, non-selective media. f, Quantification of UPD using assay A. UPD frequencies were calculated using the indicated formula. For c and f, >100 colonies were scored for each diploid. Filled bars and error bars are mean and s.d. ***P < 0.001; ****P < 0.0001 (Mann-Whitney U test). NS, not significant.
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We wondered whether Rec8 expression in vegetative cells promotes UPD by causing aberrant cohesin distribution. In vegetative cells, mitotic cohesin containing Rad21 and Psc3 is preferentially enriched across heterochromatin domains including at centromeres, and shows distinct peaks at specific sites on chromosomal arms 5,6, 9, 21 . As cells enter meiosis, Rec8-Rec11 replaces Rad21-Psc3 on arms, while Rec8 partners with Psc3 at centromeres 22, 23 . Notably, we found that Rec8 and its interaction partner Rec11 were loaded onto chromosomal arms in mmi1∆ cells, at sites normally occupied by mitotic cohesin (Extended Data Fig. 5 ), and their localization correlated with a proportional decrease in both Rad21 and Psc3 at these sites (Extended Data Fig. 6 and 7). As in meiotic cells 22 , Rec11 was not detected at centromeres in mmi1∆ cells (Extended Data Fig. 5b, e ). By contrast, Rec8 and Psc3 showed abnormal localization at centromeres and were highly enriched, particularly at the central core ( Fig. 4a -c; Extended Data Figs 5c, 6d), which is the site of kinetochore assembly 3,24 . This aberrant localization of Psc3 at the central core in vegetative cells requires Rec8, as Psc3 was not enriched at the central core in mmi1∆ rec8∆ cells (Fig. 4b, c ). Taken together, our results reveal a composite pattern of cohesin distribution in mmi1∆ that shares features of both mitotic and meiotic cohesin localization at centromeres and chromosomal arms.
We then asked whether it is Rec8 and its interaction partner Rec11 on chromosomal arms, and/or Rec8 and Psc3 at centromeres, that drive UPD in mmi1∆ cells. To address this, we combined mmi1∆ with rec11∆ or a temperature-sensitive psc3-ts mutant that displayed reduced Psc3 at centromeres ( Fig. 4c ). Notably, loss of Rec11 had no effect on UPD ( Fig. 4d ). By contrast, UPD was suppressed in mmi1∆ psc3-ts ( Fig. 4d ), similar to mmi1∆ rec8∆. These results suggest that Rec8-Psc3 localization at centromeres is a crucial factor driving UPD in mmi1∆ cells.
To test the significance of Rec8 as an important contributor to UPD, we asked whether the sole overexpression of Rec8 could trigger UPD in wild-type diploid cells. We used a strain in which rec8 expression is driven by the constitutive adh1 promoter, leading to increased Rec8 levels ( Fig. 4e ). Unlike crs1 overexpression that arrests the cell cycle 20 , cells overexpressing rec8 (rec8-OE) are viable, as previously observed 25 , but show TBZ sensitivity (Extended Data Fig. 8a ). We observed a high level of UPD in rec8-OE cells ( Fig. 4f and Extended Data Fig. 8b ), indicating that expression of Rec8 alone is sufficient to trigger UPD. Indeed, the rate of UPD was approximately 25-fold higher in rec8-OE ( Fig. 4g ). Tetrad analysis of rec8-OE diploids further confirmed UPD (Extended Data Fig. 8c, d) . Similar results were obtained with rec8-OE non-sporulating diploids (Extended Data Fig. 9a, b ). rec8-OE cells showed Rec8 localization at centromeres, as previously reported 26 , and on chromosomal arms (Extended Data Fig. 9c-e ). Moreover, we found that rec8-OE cells showed aberrant enrichment of Psc3 at the centromere central core (Fig. 4h) . Thus, Rec8 overexpression in vegetative cells causes altered cohesin distribution, similar to the pattern observed in mmi1∆.
Since cohesin at the central core during meiosis is critical for cohesion and mono-orientation 27 , we wondered whether aberrant centromeric localization of Rec8-Psc3 in vegetative cells could promote stochastic 'pseudomeiosis' events (for example, reductional segregation of sister chromatids). To test this, we examined segregation events using two assays. In one assay, we visually monitored diploids in which centromere 2 (cen2) of both homologues are marked: one with lacO-GFP and the other with tetO-Tomato. Additionally, we investigated UPD of both homologues of ChrIII, which each carried a distinct ade6 allele. One homologue was marked with ade6-210 (red) and the other with ade6-216 (pink), allowing segregation to be determined by scoring colony colour. Coordinated UPD of both homologues would generate half-red and half-pink diploid colonies (meiosis I-like segregation), whereas half-white and half-red or pink colonies would be expected for a diploid undergoing UPD of only one homologue. Notably, we found a high frequency of reductional segregation in rec8-OE, involving only one of the homologues per event in both assays (Fig. 4i , Extended Data Fig. 10a, b and Supplementary Video 1). Consistent with this result, homologue pairing and chiasmata, which are expected to be crucial for reductional segregation of both homologues, seemed dispensable for UPD. Combining a deletion of the gene encoding Rec12 SPO11 , which abrogates double-strand break formation and recombination, with either dcr1∆, mmi1∆ or rec8-OE did not suppress UPD (Extended Data Fig. 10c ).
We also investigated the potential contribution of other factors associated with meiotic chromosome segregation in UPD. Shugoshin 1 (Sgo1), which prevents the cleavage of centromeric Rec8 during meiosis I 25 , was not required for UPD in rec8-OE. Although coexpression of Sgo1 and Rec8 was previously shown to induce chromosome missegregation 25 , we observed similar UPD frequencies in both rec8-OE and rec8-OE sgo1∆ (Extended Data Fig. 10d ). Furthermore, we observed no effect on UPD in rec8-OE upon the loss of Moa1 (Extended Data Fig. 10d ), which is required for mono-orientation of kinetochores during meiosis I (ref. 28). By contrast, we observed increased UPD in rec8-OE cells lacking Sgo2 (Extended Data Fig. 10d ), which recruits the chromosome passenger complex to correct erroneous microtubulekinetochore attachments 29 , indicating that missegregation events contribute to UPD. Taken together, these results strongly suggest that UPD originates from stochastic, abnormal reductional events that occur during mitosis rather than from programmed meiosis I segregations.
Our results uncover a mechanism contributing to chromosome segregation defects in RNAi mutants, and establish an unambiguous connection between the untimely expression of gametogenic genes and UPD. Specifically, we find that meiotic cohesin Rec8 promotes UPD in mmi1∆ and RNAi mutants. Additional factors such as Crs1 also affect UPD. However, its mode of action is probably distinct, because Crs1 is not required for UPD caused by Rec8 expression (Extended Data Fig. 10d ). In vegetative cells expressing Rec8, the aberrant localization of meiotic cohesin at the centromere core may promote monoorientation of sister kinetochores, or alternatively, Rec8-Psc3 could be inefficiently cleaved, thus triggering a stochastic reductional segregation of an individual homologue. Regardless of the exact mechanism, our findings have important implications for understanding UPD in humans, in which constitutive and acquired UPD have been linked to various cancers 2 . The expression of germline genes, including some with roles in meiosis, is associated with cancer in somatic cells 12 , and we propose that aberrant activation of the meiotic program might induce UPD and cause aneuploidy in these cells. Finally, our results may advance the application of UPD as a 'chromosome therapy' tool to correct chromosomal aberrations 30 , and lay the groundwork for further detailed study of this important phenomenon.
Online Content Methods, along with any additional Extended Data display items and Source Data, are available in the online version of the paper; references unique to these sections appear only in the online paper. 

MethODS
No statistical methods were used to predetermine sample size. The experiments were not randomized and investigators were not blinded to allocation during experiments and outcome assessment. Yeast strains and methods. Standard procedures were used for fission yeast cell culture and genetic manipulations 31 . S. pombe strains used in this study are listed in Supplementary Table 2 . Strains bearing Rec8-GFP or Psc3-GFP were gifts from Y. Watanabe. Deletion strains for the genes summarized in Supplementary Table 1 were obtained from the Bioneer haploid deletion library version 4.0. The following arrays, gene fusions and mutant alleles were previously described: lacO at pericentromeric regions lys1 and cen2-D107 and LacI-GFP at his7 loci 32 , tetO at cen2 and TetR-Tomato adjacent to zfs1 (Z locus) 27 , Padh1-rec8 + -3HA and Padh1-rec8 + -GFP 25 , mei4∆C<NAT 4 , and rec12∆ (ref. 33 ). Deletion of mmi1 was performed in cells carrying a previously described truncated non-functional mei4 (mei4∆C<NAT) allele 4 to alleviate growth defects caused by derepression of mei4 in mitotic cells 15 .
Construction of the HA-Rec8 strain. Haemagglutinin (HA) tagging at the N terminus of rec8 was performed by the pop-in/pop-out approach 34 . In brief, the rec8 fragment (−496 to 509) was cloned into the EcoRI site of pST650, pBluescript SK(−) containing the ura4 + marker gene at its NaeI site 35 , and then the 3× HA tag was introduced by a PCR-based method. mmi1∆ cells were transformed with the resultant plasmid, pST650-3× HA-Rec8, and transformants were selected on minimal media lacking uracil. After confirmation of the proper integration of the plasmid to the rec8 + locus, the transformants were subjected to western blot ana lysis to test the 3× HA-Rec8 expression. Positive clones that expressed 3× HA-Rec8 were grown in rich media and then plated on counter-selective medium containing 5-FOA to select for cells in which the ura4 + -containing plasmid had popped out, and clones retaining the 3× HA tag sequence were isolated. One of the 3× HA-Rec8 mmi1∆ strains was crossed with a wild-type strain, and 3× HA-Rec8 strains with or without mmi1 + were obtained. These strains were further tested by western blotting to confirm 3× HA-Rec8 expression. Minichromosome maintenance assays. Minichromosomes Ch16 and pNBg were previously described 36, 37 . In brief, the large linear Ch16 minichromosome (530 kb) contains the entire centromere 3 and an ade6-M216 allele that complements the ade6-M210 allele in the host strain to yield an ade6 + phenotype. By contrast, the small circular pNBg minichromosome (27 kb) plasmid carries ura4 + and the opal suppressor tRNA sup3-5 selection systems. Cells without ura4 + cannot grow on plates that lack uracil (−Ura), whereas sup3-5 suppresses a premature stop in the chromosomal ade6-704 mutation, allowing growth on −Ade plates. For the experiments shown in Fig. 3 , cells containing Ch16 or pNBg were grown on Pombe minimal glutamate (PMG) −Ade, or PMG -Ura -Ade media, respectively, and subsequently plated on YE low adenine medium. Cells containing minichromosomes generate white colonies, whereas minichromosome loss results in red or sectored colonies. Screening for genes ( Supplementary Table 1 ) that suppress minichromosome loss in mmi1∆ was performed as follows: a mat1M-smt0 mei4 mmi1∆ strain containing pNBg was crossed to the h + strain containing the gene deletion of interest. Random spores were germinated in minimal medium (PMG −Ura −Ade) selective for minichromosome retention. Then, replica plating onto appropriate media was performed to assess the potential enhanced minichromosome stability in double mutants, as denoted by white/sectored colonies instead of red colonies that are observed in the mei4 mmi1∆ control. LOH and UPD assays. LOH and UPD assays consist of several steps that are performed at 33 °C unless otherwise stated. The total duration for each assay was approximately 3 weeks. The growth media used for each assay is as follows. LOH assay: 'diploidizing' , AA −Ade +NAT; 'amplifying' , AA −Ade +NAT; 'testing' , AA -Ade. UPD assay A: 'diploidizing' , AA −Ade +NAT; 'amplifying' , AA −Ade +NAT; 'testing' , PMG −Lys +NAT +low Ade. UPD assay B: 'diploidizing' , yeast extract plus adenine (YEA) +NAT +Hyg; 'amplifying' , AA -Ade; 'testing' , YE +NAT +Hyg; UPD assay C: 'diploidizing' , AA -Ade; 'amplifying' , PMG −His −Ura -Ade; 'testing' , PMG −His −Ura +low Ade.
Parental strains were mated on SPAS medium at 26 °C for 24 h, and then streaked onto 'diploidizing' medium and grown for 4-6 days (15-20 generations) . Starting heterozygous diploid colonies were picked and transferred onto 'amplifying' medium and grown vegetatively for 2 days (20-25 accumulated generations). Diploid cells were then plated onto 'testing' medium. Single diploid colonies were counted on day 7. Alternatively, h − /h − diploids were constructed by protoplast fusion 38 and isolated in PMG −Ade +sorbitol and subsequently treated as described above. For the LOH assay, diploid colonies were replica plated onto YEA +NAT for scoring the NAT S fraction, and onto EMM medium at 30 °C to induce sporulation. For UPD assays, UPD candidates (that is, red and pink diploid colonies) were genotyped on appropriate media and UPD frequencies were adjusted according to validation coefficients (that is, the fraction of candidates exhibiting the expected homozygous markers on both arms of ChrIII; Supplementary Table 3 ). In all assays, diploids were maintained by selecting for heterozygosis at a particular chromosome, while another chromosome was used as a reporter for homozygosis (see Fig. 1b and Extended Data Fig. 1c ). Over 100 diploid colonies were counted per independent starting heterozygous diploid. The UPD rate per cell division was estimated by scoring the number of half-sectored colonies divided by the total number of colonies, excluding the entirely red (ade6-210) or pink (ade6-216) colonies. Live-cell imaging of azygotic asci (Fig. 1d ) and nonsporulating diploids ( Fig. 4i and Supplementary Video 1) was performed on a DeltaVision Elite microscope (Applied Precision, GE Healthcare) with 100 × 1.35 numerical aperture (NA) oil lens (Olympus). ChIP. ChIP and ChIP-chip experiments were performed as previously described 39 . Anti-HA (12CA5, Roche), anti-HA (16B12, BioLegend), anti-GFP (ab290, Abcam) or anti-H3K9me2 (ab1220, Abcam) antibodies were used for immunoprecipitation. Each experiment used two or more biological replicates per genotype of interest. Oligonucleotides used for ChIP-qPCR at central core (cc1/3), act1 and fbp1 were previously described 40 , whereas the following oligonucleotides were used for arm locations ChrI 1.92 Mb (5′-ACACATGAGCAAGGTGAACG-3′ and 5′-AGGAACAGGAGGATCAAGAGC-3′), ChrII 3.50 Mb (5′-CGCAT TATGCTCTTTGATCC-3′ and 5′-CAATCAAGAAATCGCTCGTG-3′) and ChrIII 0.36 Mb (5′-TAGCTTCGGAAGGATGGAAC-3′ and 5′-TTTCGG TACGCGACACTCTC-3′). DNA isolated from immunoprecipitated chromatin or from whole-cell extracts was labelled with Cy5/Cy3 for microarray-based ChIPchip analyses using a custom 4 × 44K oligonucleotide array (Agilent). Western blotting. The sample preparation for western blotting was performed using an alkaline protein extraction method 41 . Anti-GFP (7.1 and 13.1, Roche), anti-HA (16B12, BioLegend) or anti-Cdc2 (Y100.4, Santa Cruz) antibodies were used for probing Rec8-GFP, HA-Rec8 and Cdc2, respectively. RNA-seq library construction and analyses. RNA-seq library preparation, sequencing, and data analysis were performed as previously described 42 . In brief, the MasterPure Yeast RNA Purification Kit (Epicentre) was used to purify RNA for the construction of the RNA-Seq library from exponentially growing cells. rRNA was removed using the Ribo-Zero rRNA Removal Magnetic Kit (Epicentre) before library construction using the ScriptSeq v2 RNA-Seq Library Preparation Kit (Epicentre). Libraries were analysed using an Agilent 2100 BioAnalyzer and sequenced on the Illumina MiSeq platform. TopHat was used to align sequenced reads to the referenced S. pombe (ASM294v2) genome. Cufflinks was used to assemble mapped reads into the final transcriptome and to calculate fragments per kilobase of transcript per Million (FPKM) mapped reads. Genes were classified as either meiotic or non-meiotic 43 . The area proportional Euler Venn diagram for meiotic gene overlap was constructed using EulerAPE. Data availability statement. The microarray and sequencing data that support the findings of this study are available at the NCBI Gene Expression Omnibus (GEO) repository under the accession number GSE77050. Uncropped blots and unprocessed data from LOH and UPD assays are provided as source data files. All other data are available from the corresponding author upon reasonable request.
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Extended Data Figure 2 | Characterization and additional validation of UPD in dcr1∆ mutants. a, Left, distribution of resulting UPD diploids homozygosed for ChrIII (AA and BB) per starting heterozygous sporulating diploid. Right, validation coefficients per single starting diploid used for adjustment of UPD frequencies. More than 12 UPD candidates from each starting diploid were validated. b, Tetrad dissection analyses of dcr1∆ diploids (AA and BB) homozygosed for ChrIII, obtained from UPD assays. A schematic of the S. pombe chromosomes in the haploid parental strains A and B, indicating the location of the relevant markers, is depicted at the top. Note the asymmetric (4:0 or 0:4) segregation at ChrIII, in contrast to the (2:2) segregation at ChrI and ChrII. The yellow arrowhead denotes dead cells carried over from the master plate during replica plating. c, d, Quantification of UPD in the indicated mat2-102/mat1M-smt0 (c) and h−/h− (d) nonsporulating diploids obtained by mating (c) and protoplast fusion (d). Note that clr4∆ caused only a modest increase in UPD compared to RNAi mutant dcr1∆ as observed in Fig. 1c , f. These results are explained by the fact that RNAi mutants show more penetrance than clr4∆ in meiotic gene misregulation. Each filled red circle represents the UPD frequency of an independent starting heterozygous diploid. More than 100 colonies were scored for each diploid. Filled bars and error bars are mean and s.d. **P < 0.01; ****P < 0.0001 (Mann-Whitney U test).
Extended Data Figure 4 | Centromeric heterochromatin is maintained in mmi1∆. a, Tenfold serial dilutions of each strain were plated on YEA rich media containing the indicated concentrations of the spindle poison TBZ, and were grown at 33 °C. b, H3K9me2 enrichments in the indicated strains were determined by ChIP-chip analysis. The fold enrichment of H3K9me2 (y axis) is plotted at the indicated chromosome position (shown at top). H3K9me2 distribution at the mat locus is shown in addition to cen1L. c, Tenfold serial dilutions of strains containing a ura4 + insertion at the outer repeats of centromere 1 were plated on the indicated PMG minimal media and grown at 33 °C. Note that mmi1∆ is lethal but can be rescued by loss of function of Mei4, a meiotic transcription factor. mei4 mmi∆ is compared to appropriate mei4 and wild-type controls.
Extended Data Figure 6 | Chromosomal localization of Psc3 and Rad21 in mmi1∆. a, b, Distribution of Rad21 and the Psc3 subunit of cohesin as determined by ChIP-chip. Rad21-GFP (a) or Psc3-GFP (b) localization along the S. pombe genome is shown for the indicated strains. Enrichments at mae1 and mae2, marked by asterisks, reflect cross-hybridization of these loci to subtelomeric sequences. c, d, Rad21 (c) or Psc3 (d) localization to cen2. The fold enrichment of Rad21-GFP or Psc3-GFP (y axis) is plotted at the indicated chromosome position (x axis). Note the abnormally high enrichment of Psc3 but not Rad21 at the central core in mmi1∆ (blue arrow). The mmi1∆ strain used in this study carries a truncated nonfunctional allele of mei4.
